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Introduction
After its introduction in 1992 laparoscopic splenec-
tomy (LS) (1) has been increasingly accepted and has
become the technique of choice for surgical removal of
the spleen. Several studies have pointed out the advan-
tages of the laparoscopic splenectomy when compared
to the open approach.
In addition to reduced hospital stay, faster return to
normal activities, less post-operative pain and better co-
smetic results, the laparoscopic technique seems to be
associated to specific advantages and haematological be-
nefits. Several clinical and experimental studies support
the view that laparoscopic surgery is associated with bet-
ter preservation of post-operative systemic immune func-
tion than open surgery (2). 
Other clinical studies have shown that laparoscopic
surgery may induce less haemostatic changes than tra-
ditional surgery (3). In patients with idiopathic throm-
bocytopenic purpura, laparoscopic approach allows al-
so a complete visualization of accessory spleens, whose
removal is essential for the curative effects of splenec-
tomy. In addition, recent reports show that in these pa-
tients the need of platelet transfusions is reduced during
laparoscopic procedure when compared to open ap-
proach (3).
Although laparoscopic splenectomy is becoming the
gold standard in several haematological diseases where
removal of the spleen is indicated, the procedure is as-
sociated with risks and complications, either during sur-
gery or in the post-operative phase. The incidence of in-
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tra-operative complications is unknown, since it is not
completely indicated in literature reports. A review of
the Literature shows, however, that in several reported
series the rate of conversion to open surgery during sple-
nectomy, which reflects troubles and intra-operative com-
plications, is not uncommon, ranging from 0 up to 19%
(4, 5, 6, 7, 8). When the causes of these conversions are
analyzed, it seems evident that the most common trou-
ble during LS is intra-operative bleeding, reported as 80%
of causes of conversion, followed by iatrogenic lesions,
mainly in the pancreatic tail and in the diaphragm, and
peritoneal adhesions (4-8).
Conversely, post-operative complications are well re-
cognized and defined in almost every reported series.
They are similar to those reported traditionally after open
splenectomy, although some of them are at higher risk
in patients operated on with the laparoscopic approa-
ch. Postoperative bleeding, pancreatitis and pancreatic
fistula, sub-phrenic abscess, broncopneumonia and pleu-
ritis, portal vein thrombosis and pulmonary embolism,
overwhelming post-splenectomy sepsis are complications
which can occur in the early or late post-operative pha-
se after laparoscopic splenectomy and sometimes, like
it has been observed by several Authors after the open
approach, they can be life-threatening. Probably, patient
operated on with the laparoscopic approach, however,
are at higher risk of developing complications such as
portal vein thrombosis and pulmonary embolism, sin-
ce the mini-invasive approach with the use of pneu-
moperitoneum can predispose to vein stasis both in the
abdominal cavity and in the legs.
In this article, we reviewed the literature on risks and
complication following laparoscopic splenectomy, and
we point out, based on our personal series and on the
experiences reported by other Authors, how to prevent,
whenever possible, these complications.
Intra-operative bleeding
Bleeding is the most common intra-operative com-
plication during laparoscopic splenectomy, with an in-
cidence varying from 1.9 to 20% in several series. It re-
presents the 80% of causes for conversion to open sple-
nectomy (9-14). In addition, it is the most common rea-
son for a “second look” operation in the immediate po-
st-operative phase. When open splenenectomy is com-
pared to LS, it seems that bleeding is more common du-
ring laparoscopy. In the meta-analysis study reported by
Winslow et al (15), the rate of hemorrhagic complica-
tions, when conversion to open splenectomy was not
considered, was not significantly different between the
two groups (open splenectomy 2.4%; LS 1.6%; P not
significant). However, when conversion for bleeding was
included as hemorrhagic complication, the LS group
showed in the same study an higher incidence (4.8%),
with a statistically significant difference with the open
group (p<0.01).
These data may mislead considering that a bleeding
during LS, especially in the learning curve phase, may
reflect not a major haemorrhage but instead a minor blee-
ding which is not even mentioned in the open series.
Usually, bleeding during splenectomy is secondary
to splenic capsule tears and, more dangerously, to diffi-
cult haemostatic control of the short gastric vessels or
of the splenic arteries or veins at the hilum.
Massive splenomegaly is an unfavorable factor for in-
tra-operative bleeding. Laparoscopy for removal of en-
larged spleen has been extensively debated (16-18). Mas-
sive splenomegaly is a challenging condition for lapa-
roscopic splenectomy and it has often considered as a
relative contraindication for removal of the spleen th-
rough a laparoscopic approach. With increasing expe-
rience of the surgical team, LS in splenomegaly is fea-
sible and may offer the same advantages of LS in smal-
ler spleen (16). Compared to open surgery LS in enlar-
ged spleen seems to be associated with lower morbidity,
transfusion rate and shorter hospital stay (17). Howe-
ver, the conversion rate for bleeding during LS in sple-
nomegaly is significantly higher compared to LS
performed in normalsize spleen (17). Preoperative sple-
nic artery embolization has been proposed in patients
with splenomegaly as a means to reduce the size of the
spleen and to perform a safe, bloodless laparoscopic sple-
nectomy. This approach, however, could be associated
to an additional risk due to the invasiveness of preope-
rative embolization. In an attempt to lower the risk of
bleeding during LS in splenomegaly we suggest (3), af-
ter the division of the short gastric vessels, to isolate and
double clip the splenic artery in the superior aspect of
the pancreatic tail (Fig. 1).
This step is essential to perform bloodless the fol-
lowing steps of LS and, on the meantime, it allows a par-
tial reduction of the spleen volume during surgery. In
addition, our suggested early occlusion of splenic artery
during LS permits the recovery of blood components
that, following splenic artery occlusion, are mobilized
from the spleen to the bloodstream through the splenic
vein.
“Difficult” splenic hilum is also an important cause
of intra-operative bleeding; lymphatic oedema or
lymphoadenopathy at the splenic hilum might make dif-
ficult the control of the splenic vessels during splenec-
tomy and might cause slippage of knots or clips around
the main splenic arteries and veins, resulting in bleeding
either intra-operatively or post-operatively. In the pre-
sence of lymphatic oedema or lymphoadenopathy at the
splenic hilum, endosurgical staplers may fail to tightly
control the vessels since the approximation of the two
branches of the stapler is inadequate if the splenic hi-
lum is not slim. In these cases in our opinion it is pro-
bably better to ligate with intracorporal suture the hi-
lum vessels or their branches.
The knowledge of all these factors is important to
make the splenectomy safe, as it is the perfect knowledge
of the anatomy of spleen and its vessels. When perfor-
ming LS it is important to remember that the splenic
vessels may show several anatomic patterns. In 70% of
cases the artery splits itself at level of pancreatic tail in-
to 2 or more branches; in the remaining cases the artery
runs on the edge of the pancreas and approaches the hi-
lum of the spleen without dividing. Various are also the
relationships between the artery and the splenic vein. In
54% of cases the vein is behind and below the artery;
in 44% of cases the vein surrounds the artery, and only
in 2% of cases the vein is in front of the artery. It is al-
so important not to forget that the gastro-splenic liga-
ment is sometimes very short and therefore the short ga-
stric vessels may be at risk of tearing and haemorrhage
during their dissection while performing LS.
The occurrence of bleeding during LS is also related
to the experience of the surgical team (15, 19). In me-
ta-analysis study on 2119 LS, it has been noted a diffe-
rence in the rate of bleeding during the initial experience
of the reported series (15). Based on the date of study
inception, in the first one third group the rate of con-
version for bleeding was 6.1%, while in the second and
last third groups it was respectively 3.6 and 2.4%, with
a significant difference (p< 0.0001) comparing the grou-
ps (15).
An appropriate technique of LS, in our opinion, si-
gnificantly reduces the incidence of bleeding during sur-
gery. We perform LS with patients lying in the right la-
teral position (left flank elevated about 45° above the ope-
rating table).
An Hasson-trocar is inserted in the up-umbilical re-
gion and three other trocars are placed in the subxyphoid
area (5 mm), lower left midclavicular line below the um-
bilical line (10-12 mm) and lower left axillary line (5
mm). With a 30° scope, after dissection of the spleno-
colic ligament, division of the gastrosplenic ligament with
the short gastric vessels is accomplished using the ul-
trasonic dissector (Ultracision Harmonic Scalpel, Ethi-
con Endosurgery, Inc. Cincinnati, OH USA) (Fig. 2).
The convex surface of the spleen is then accurately
dissected from the lateral abdominal wall and from the
diaphragm; at this point, the splenic hilum is approa-
ched from the anterior aspect and the splenic artery and
veins are clipped and divided, either using a laparosco-
pic stapler or separated sutures. The spleen is then in-
serted in a plastic bag which is pulled through the ab-
dominal umbilical access. The spleen is finally crushed
and removed. Using this approach we have performed
(64) with an incidence of intraoperative bleeding of ap-
proximately 6.7%. The lateral position of the patient is
in our opinion essential for a good exposure of the short
gastric vessels and of the splenic hilum, therefore hel-
ping prevent bleeding related to their accidental dama-
ge. In addition to the steps described above, in large
spleen we prefer to clip the splenic artery above the pan-
creatic tail before reaching the splenic hilum and this ap-
proach in our opinion, as we already mentioned, may
reduce perioperative bleeding.
Pancreatic injury (pancreatitis,
subphrenic abscess)
Pancreatic injury is one the major and severe com-
plications after splenectomy. In open surgery pancrea-
tic injury incidence is as high as 16%. In laparoscopic
splenectomy we have only few data on these complica-
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Fig. 1 - Clipping of the splenic artery. Fig. 2 - Dissection of short gastric vessels.
tions. In reviews of laparoscopic splenectomy this inci-
dence may be as low as 1-2%. Kathouda et al observed
only 2 mild pancreatitis cases among 103 consecutive
splenectomies (13).
Pancreatic injury may occur because of the anato-
mical relationship of splenic hilum with the tail of pan-
creas. Baronofsky et al demonstrated that the pancrea-
tic tail lies within 1 cm away from the splenic hilum in
75% of the patients; it touches the splenic hilum in 30%
of these patients (20). Besides the anatomic tight rela-
tionship, there are some certain difficulties during sur-
gery that may induce pancreatic damage. Risk of pan-
creatic injuries may increase in patients with limphe-
dema in the splenic ilum, expecially in patients with
lymphoma and hilar lymphoadenopathy where the dis-
section plan is not clear. Difficult control of the sple-
nic hilum vessels with intraoperative bleeding may be
another reason since in these cases pancreatic injuries
can be caused by uncontrolled haemostasis techniques
(21). Another reason hilum is the malpositioning of the
linear stapler device for hilum control, since the insuf-
ficient dissection of the hilar vessels and lower place-
ment of the hilum stapler may cause damage to the pan-
creatic tail. This usually may occur in large spleens due
to large splenic hilum (22). Chand et al in their article
discussing pancreatic complications after laparoscopic
splenectomy, reported that splenomegaly seems to be
the only associated risk factor for pancreatic injury. On
the other hand, they also claim that pancreatic injury
risk is not related to the learning curve of the surgical
team.
Diagnosis of pancreatic injuries is sometimes un-
derestimated. Chand et al advocated that if routine po-
stoperative amylase level is measured in splenectomi-
sed patients minor asymptomatic pancreatic injuries may
be defined (22). However, the significancy of elevated
serum amylases in asymptomatic splenectomized pa-
tients to determine pancreatic injuries is not well defi-
ned with comparative study. Common clinical findings
of pancreatic injury are abdominal pain (more than ex-
pected and long-lasting), fever, incisional erythema. In
addition to hyperamylasemia, lab tests will show
leukocytosis. Any suspicion of pancreatic damage mu-
st lead the surgeon to perform an abdominal CT of the
patient. In CT scan pancreatic edema or necrosis, pe-
ripancreatic fluid collection and subphrenic abscess cau-
sed by pancreatic leakage can be clearly identified. De-
pending on the grade of injury, the CT findings may
show swelling of the tail of the pancreas, ill-defined fluid
collections, or a well-encapsulated pancreatic pseudocyst.
The diagnosis is confirmed by percutaneous aspiration
with amylase determinations and the demonstration of
a pancreatic fistula.
Failure to diagnose this complication promptly may
lead to a protracted postoperative clinical course and the
development of a subphrenic abscess or a pancreatic pseu-
docyst (23).
The treatment of pancreatitis consist of IV fluid re-
placement and nasogastric decompression and someti-
mes percutaneous drainage. Mild pancreatitis with mi-
nimal peripancreatic collection can be treated with oral
diet cessation and IV fluid replacement while diffuse pe-
ritoneal fluid or abscess formation should be percuta-
neously drained. Drain cultures may guide the surgeon
to choose the appropriate antibiotic in patients with hi-
gh fever and leucocytosis. Rarely, percutaneous draina-
ge for multiloculated abscesses may not be satisfactory
and require open or laparoscopic surgical drainage (24).
Since all these patients are asplenic, physicians should
never forget the risk overwhelming sepsis.
Park mentioned the importance of the technique in
the prevention of pancreatic injury. In his review, he ad-
vocates that hilum dissection and the proper stapler po-
sition is the key points to minimize the risk of pancreatic
tail injury.
Prevention of this complication is easier in lateral ap-
proach than anterior approach since the relationship
between pancreatic tail and the splenic hilum is more
evident in the former positioning of the patient. In la-
paroscopic surgery magnification of the anatomical view
during surgery provides the surgeon a good exposure for
dissection of the pancreatic tail away from hilum, avoi-
ding its injury. In our series, with the technique we de-
scribed above, we haven’t observed any complication re-
lated to pancreatic injury. Key point in our technique
not to have any problem with the pancreatic tail is a com-
plete dissection of the splenic hilum and the use of a sta-
pler just after a complete visualization of the pancrea-
tic tail gland. To prevent unintentionally stapler dama-
ge we usually stop hanging up the spleen just before fi-
ring the devise, in order to allow the fall of the pancreatic
tail away from the stapler line (Fig. 3).
Intra-operative iatrogenic injuries
Besides pancreatic injuries, which have been already
discussed in a previous paragraph of this review, other
iatrogenic injuries related to the procedure can occur du-
ring the performance of laparoscopic splenectomy. Due
to the anatomical vicinity of the spleen to the splenic
flexura of the colon, stomach and diaphragm injuries of
these structures are sometimes possible during laparo-
scopic splenectomies. Although there is no clear repor-
ted result about incidence of these iatrogenic injuries,
extracted data from large splenectomy series show an in-
cidence which is similar to that described in open sur-
gery. It is the most common iatrogenic organ injury af-
ter pancreas and its incidence ranges between 0% and
14 % (13, 17, 25). In most of literature series, injuries
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to diaphragm are not mentioned (13,15). Possible ae-
tiology of diaphragmatic injury is an inappropriate dis-
section of the superior pole of the spleen from the diaph-
ragmatic attachments.
More commonly injury to diaphragm is the result
of a dissection in cases with inflammatory or neoplastic
peri-splenitis, like we observed in one of our series (Fig.
4) (26).
Lesions in the diaphragm need to be recognized in-
traoperatively, since immediate repair during the lapa-
roscopic procedure responsible for them, is essential.
Either laparoscopically or after conversion to open sur-
gery, repair of the lesion must be accomplished with clo-
sure of the defect in the diaphragm. A thoracic drain mu-
st also be used to prevent postoperative pneumothorax
and related complications, such as pleural effusion or
empyema which can be a serious problem in asplenic
patients.
Gastric perforation is a rare complication during open
splenectomies and it accounts for less than 1% (27). This
injury may occur mainly during the dissection of gastro-
splenic ligament and ligation of short gastric vessels over
the great curvature of the stomach. Risk of gastric perfo-
ration exists also in laparoscopic splenectomy especial-
ly in patients with very short gastric vessels. In our opi-
nion and experience, however, in laparoscopic surgery
the risk is probably less than in open surgery, since the
mini-invasive procedure allows excellent exposure and
magnification of the vision in these deep and dark areas
of the operative field when compared to traditional ope-
rations.
Prevention of iatrogenic lesions in the stomach re-
quires attention in the dissection particularly near the
upper pole of the spleen where occasionally stomach wall
and spleen look like adhered. Gentle and careful dis-
section of the gastro-splenic ligament depends on well
balanced traction forces on stomach and spleen, and this
is also to prevent laceration of the splenic capsule. The
appropriate use of haemostatic equipment is also im-
portant. High energy bipolar systems or ultrasonic dis-
sectors are very useful but they should be used cautiously
in order not to harm gastric wall. Like for other iatro-
genic surgical injuries, intraoperative detection of the le-
sions is essential. Gastric iatrogenic injuries can be re-
paired safely laparoscopically (28). Missed gastric inju-
ries are responsible of severe post-operative peritonitis,
which need to be recognized and treated with re-ope-
ration of the-patient as soon as possible. Boddy et al re-
ported a missed gastric injury that was re-operated on
the 8th postoperative day (29). Although these are very
rare cases, surgeons should always be aware of the risk
of these severe injuries.
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Fig. 3 - Ligation of the splenic vessels with an endo-vascular stapler.
Fig. 4 - A perisplenitis view of a laparoscopic splenectomy case.
In English literature, there are no reported periope-
rative splenic flexura injuries during laparoscopic sple-
nectomies. In spite of its close relationship through sple-
nocolic ligament, colonic injuries are not reported in any
of the large laparoscopic splenectomy series. These da-
ta may be debatable since the authors may not mention
their peroperative injuries which are repaired at the ti-
me of operation.
Another not well recognized intraoperative iatroge-
nic injury is laceration of the spleen with occurrence of
splenosis. Splenosis is the accidental heterotopic auto-
transplantation of splenic tissue generally following trau-
matic rupture of the spleen or the splenic capsula. Im-
plantantion of splenic tissue may occur anywhere in the
abdomen, rarely intrathoracic, intrahepatic, or in the in-
guinal ring and subcutaneous spaces (30).
Splenosis can occur any time during either open or
laparoscopic removal of the spleen.
Tears of the spleen can happen during the initial ste-
ps of the procedure or after splenectomy when the sur-
geon is removing from the abdomen the organ. Althou-
gh this entity is rare after open splenectomy (16%-17%)
it can be encountered after laparoscopic surgery (30).
No data still exist on the long term risk of splenosis in
laparoscopic splenectomy. Some Authors (Espert et al.)
argue that the laparoscopic approach may increase sple-
nosis because of pneumoperitoneum. This is reported
by Espert et al in rat model of splenosis. They claimed
that after capsular tear in laparoscopic splenectomy the
risk of splenosis is much more than open surgery (31).
Symptoms related to splenosis may appear soon af-
ter surgery or even 29 to 31 years after the initial sple-
nectomy. In patients who have undergone splenectomy
for haematological diseases, recurrence of the disease may
be an indicator of splenosis, when the presence of resi-
dual accessory spleen can be rule out. Besides these men-
tioned signs, pain or unexplained intraluminal or peri-
toneal bleeding in patients previously splenectomized
could be clinical signs of splenosis.
Diagnosis can be made with MRI and CT scan (30,
31). However, technetium scanning is the best method
to detect the splenosis foci (32).
Surgical treatment for splenosis is indicated in case
of recurrence of the hematologic disorder, for which sple-
nectomy was first perfomed, or in symptomatic patients.
The surgical treatment consists of the clearance of the
splenic residual tissue. However, since splenosis is the
result of spilled splenocytes after the operation, there will
always be a risk of new splenosis foci after the surgical
treatment. The mininvasiveness of laparoscopic surgery
may be responsible of less post-operative adhesion and,
therefore, this approach is to prefer to open surgery for
removal of splenosis tissue. Besides it must to be consi-
dered that a recurrence risk of new splenosis foci may
occur in patient-life and further operations may be pre-
dicted (33).
The gentle manipulation during procedure without
capsular tear and the removal of the specimen with a du-
rable and impermeable bag are the mandatory steps for
the prevention of splenosis during laparoscopic sple-
nectomy. The morcellation process could be potential
risk factor for splenosis since perforation of the remo-
val bag can occur. For this reason we prefer not to use
this device, but instead we usually fragmentise the spleen
with surgical forceps inside the removal bug. In con-
clusion the above mentioned risks and intra- or post-
operative complications should not discourage the mi-
nimal invasive surgeons who are willing to perform la-
paroscopic splenectomy. 
Conclusion
Knowledge of anatomical details, associated with ap-
propriate surgical training and skills, the use of proper
equipment are the sine-qua-non conditions of this spe-
cific procedure. Although limits in laparoscopic sple-
nectomy changes everyday, beginners should never igno-
re the possibility of complications and they had better
known preventions and their treatments.
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